Abstract. The harlequin ladybird, Harmonia axyridis (Pallas, 1773), is native to Asia but has been introduced to many countries, both intentionally and unintentionally. In the Middle East region, H. axyridis was so far only known from Iran and Turkey. This study reports H. axyridis for the fi rst time from a country with a hot desert climate, Saudi Arabia. The single specimen that was found is most likely the result of unintentional release. Successful spreading of H. axyridis in Saudi Arabia will be limited because of high temperatures during summer and scarcity of prey (aphids). New records from Iran and Turkey suggest fast spreading of H. axyridis in these parts of the Middle East. In addition, we also present new records from Iran and Turkey for H. quadripunctata (Pontoppidan, 1763), the other species in the genus that occurs in the Middle East region. A key and illustrations are provided for both species.
Introduction
The harlequin ladybird, Harmonia axyridis (Pallas, 1773) (Coleoptera: Coccinellidae), is native to China, Japan, Korea, Mongolia, Eastern Russia, southern Siberia, northeastern Kazakhstan (Altai mountains), and Northern Vietnam . It was intentionally introduced as part of biological control programs into North America, and one western and one eastern North American population served as bridgehead populations for further invasion to South America, Europe (genetically admixtured with a European biocontrol strain), and Africa (LOMBAERT et al. 2010 (LOMBAERT et al. , 2014 . Nowadays, it is quickly spreading, often unintentionally, in all continents except Antarctica and Australia , CAMACHO-CERVANTES et al. 2017 .
Harmonia axyridis has become a concern and also a threat; it competes with native predators and parasitoids for common food resources and is effi cient in intraguild predation ). With increasing density of H. axyridis, the diversity of native species is reduced (KATSANIS et al. 2013 . KOCH et al. (2006) reported that H. axyridis can be a pest in food production, particularly by tainting the wine fl avor as individuals get into the winemaking process. Moreover, in some regions, populations of H. axyridis choose conspicuous buildings for hibernation causing disturbance for humans.
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Because of these negative effects, it is relevant to study natural enemies that could potentially have a role in regulating invasive populations of H. axyridis (CERYNGIER et al. 2018 .
Harmonia axyridis generally lives in temperate and subtropical regions (NEDVĚD et al. 2011 . Physiological limits of a European invasive population of H. axyridis suggest that it should not survive or develop at high temperatures (KNAPP & NEDVĚD 2013) . Only small numbers have been found in tropical countries, for example Kenya (NEDVĚD et al. 2011) and Tanzania (NEDVĚD & HÁVA 2016) , where the establishment of viable populations in the wild is unlikely.
Here, the faunistic information about H. axyridis from the Middle East region is updated and new areas are added to the distribution range of this invasive alien ladybird species. Moreover, distribution data are provided for the other Harmonia species known from the Middle East: H. quadripunctata (Pontoppidan, 1763 ). An identifi cation key to the Harmonia species in the Middle East region and illustrations of morphological characters are presented.
Material and methods
Study area. The Middle East comprises 17 countries mainly located in southwestern Asia, including countries with a coast line on the Persian Gulf, Yemen and Oman that are located south of Saudi Arabia, Asian countries located nearby the Mediterranean Sea, parts of Turkey known as Anatolia or Asia Minor, and also part of Egypt called the Sinai Desert. In other words, the Middle East includes countries located between Egypt in the west and Iran in the east, and between Turkey in the north and Yemen in the south. Middle East count ries are located between 25°00′ E and 63°00′ E longitude and between 12°36′ N and 42°00′ N latitude.
Mean temperatures in Middle Eastern cities range between 0.1°C (Ankara, Turkey) and 17.9°C (Abu Dhabi, United Arab Emirates) in January, and between 22.9°C (Ankara) and 37.7°C (Kuwait City) in July (WORLD METE-OROLOGICAL ORGANIZATION 1998). Mean precipitation ranges between 3.9 mm (Abu Dhabi) and 190.9 mm (Beirut, Lebanon) in January, and between 0.0 mm (8 cities, Table S1 ) and 37.2 mm (Saiq, Oman) in July. In Saudi Arabia, the annual mean temperature is 25.6°C, with temperatures ranging from 14.0°C in January to 35.0°C in July. Precipitation in January is 11.3 mm (max. 111.1 mm), and in July 0.4 mm (max. 8.8 mm) (WORLD METEOROLOGICAL ORGANIZATION 1998) . See also the Online supplementary material: Table S1 . Collection and morphological study. Adults of ladybirds were collected using an entomological net. Specimens were dissected under a stereomicroscope. Specimens were boiled in 10% KOH for a maximum of 20 min, depending on the body color (sclerotization), in order to dissect the genitalia. Dissected parts were rinsed in water for 10 min, and then mounted in Canada balsam onto microscopic slides. Morphological examination happened under a compound microscope (Olympus CX21, Tokyo, Japan) with digital camera. Taxonomic classifi cation is in accordance with KOVÁŘ (2007 Palearctic Region, distributed especially in Europe and eastern Asia -Russia, China, and Korea (BIELAWSKI 1963, 1980; VANDENBERG 1990; PANG et al. 2004; KOVÁŘ 2007) In Iran, H. quadripunctata was fi rst reported from North Khorasan Province in 2013 (BIRANVAND et al. 2017) . It was subsequently reported from Mazandaran Province, in northern Iran (PAHLAVAN YALI et al. 2017) . Here, we present the fi rst report from Semnan Province.
Harmonia quadripunctata (Pontoppidan, 1763)

Discussion
Predatory insects, especially members of the family Coccinellidae, play a principal role in natural pest control regulating the population density of insect pests. Sometimes, however, the introduction of invasive predators into new ecosystems, either accidentally or through biological controlling programs, can induce unanticipated and undesirable effects (KOCH et al. 2006 ). These (Pontoppidan, 1763) (17-19): 14, 17 -tegmen; 15, 18 -penis; 16, 19 -penis apex. All in lateral view. 168 include unwanted impact on endemic natural enemies. Monitoring of new (alien or invasive) species in the Middle East is important for biosecurity -considering their either detrimental or benefi cial role in agriculture -and for ecosystem services.
Until now, two species of the genus Harmonia were recorded from various countries in the Middle East region: H. axyridis and H. quadripunctata. RAIMUNDO & VAN HARTEN (2000) also reported H. pardalina (Gerstäcker, 1871) from Yemen but we are convinced that this species is incorrectly classifi ed in the genus Harmonia based on morphological characters. For example, species of Harmonia are characterized by the lack of tibial spurs (see Fig. 8 ) but H. pardalina clearly shows tibial spurs (O. Nedvěd et al., unpubl. data) . The formal reclassifi cation of this species in another genus based on morphological and molecular data will be done in a subsequent study.
A recent study (GREZ et al. 2017) reported H. axyridis at high altitudes in the Chilean Andes between 2790 and 3578 m a.s.l. The authors highlighted two important issues: 1) the presence of H. axyridis in an extreme environment, and 2) the dispersal of H. axyridis during summer from alfalfa crops in central Chile to higher altitudes, where temperatures are lower and more favorable. Here, we reported H. axyridis in arguably one of the hottest and driest areas on Earth (Saudi Arabia, with a hot desert climate; PEEL et al. 2007 ). The single record from Diriyah is most likely the result of high volume of international trade in this area. The introduction of invasive species -as well as the co-introduction of their natural enemies -in non-native areas has become a serious concern with ever-expanding world trade practices and climate change (e.g., PIMENTEL et al. 2005 , ROSSMAN 2009 , PFLIEGLER et al. 2018 . BENELLI et al. (2015) found that both fecundity and fertility of Italian H. axyridis were signifi cantly lower at 30°C than at 25°C. Similarly, KNAPP & NEDVĚD (2013) showed that exposing Central European H. axyridis specimens to 33°C signifi cantly decreases hatching and survival rates of different developmental stages (except for fourth instar larvae and pupae). The average temperature in July is 35°C (with average maxima up to 48°C) in Saudi Arabia's capital Ryadh, of which Diriyah is located at the northwestern outskirts. Even when multiple individuals are unintentionally released, these high summer temperatures likely limit successful spreading of H. axyridis in Saudi Arabia (but see AMEIXA et al. 2019) . Another factor in halting the southern spreading of H. axyridis is scarcity of prey . Aphids in abundance only seem to occur in large patches of major crops (e.g., cereals, alfalfa, sugar beet) and weeds, typical for temperate regions. To date, we have not observed other adults or individuals of other developmental stages (eggs, larvae, pupae) in Saudi Arabia. This is contrary to MARDANI-TALLAEE et al. (2019) who collected all developmental stages in Gilan Province, Iran where H. axyridis is considered established for this reason. According to our surveys, the species is spreading in most cities of Gilan Province along the Caspian Sea. In Turkey, the dominance of H. axyridis in Bartın Province (82 specimens, total n = 137) (TOPER KAYGIN & SOBUTAY KAPTAN 2017) , in combination with the 100s of specimens collected in Bilecik Province (this study), leads us to hypothesizing that this species is fastly spreading in the Asian parts of Turkey.
Strong bias of sex ratio in the invasive population of H. axyridis in Rasht (Iran) suggests high prevalence of male-killing bacteria in the population. These are bacterial endosymbionts in the genera Rickettsia, Spiroplasma, and Wolbachia, which are common among ladybirds but generally only infect a small proportion of populations (WEINERT et al. 2007) . GORYACHEVA et al. (2017) found no infection of invasive populations (in Czech Republic, Germany, Italy, Russia, and the USA) with Spiroplasma, wheras all native populations were found with the bacterium. Rickettsia and Wolbachia, on the other hand, were found in both invasive (1.12% of females infected for both bacteria, n = 179) and native populations (0.51% and 1.02% of females infected, respectively; n = 196). Continued collecting efforts in the Middle East region will be accompanied by efforts to screen female ladybirds for presence of bacteria using amplifi cation of the fbpA (for Wolbachia) and gltA (for Rickettsia and Spiroplasma) genes with specifi c primers (BALDO et al. 2006 , GORYACHEVA et al. 2017 ).
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